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Abstract. Autism spectrum disorders along with other neurodevelopmental disorders, 
constitutes psychiatric conditions considered public health issues with a_ strong 
socioeconomic impact. The onset of autism is before the age of 3 and characterised by 
aberrant social interactions, communication problems with language deficits and 
restrictive and repetitive behaviors. The etiology of autism is not well understand, but 
both environmental and genetic factors may be involved probably in a interactional 
model type. The key symptoms of autism spectrum disorders have been intensively 
studied using genetic animal models and also the valproic acid (VPA)-induced model. 
The existence of such animal models of autism could allow for a rigorous evaluation of 
the effects produced by environmental factors on the behavioral expression of 
neuropathological deficits in VPA-treated animals. 
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AUTISM- GENERALITIES AND CLINICAL ASPECTS 


Autism spectrum disorders (ASD) were first diagnosed in the 1930s by Kanner 
and Asperger. However, the diagnostic criteria were not codified until the release of 
the Diagnostic and Statistical Manual of Mental Disorders in 1994 [1]. The 
prevalence rate of autistic syndromes varies from | in 500 individuals to 1 in 2500 
individuals [2]. Autism is a common neurodevelopmental disorder characterized as a 
neuropsychiatric condition diagnosed based on three behavioral criteria: aberrant 
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social interactions, communication problems with language deficits, and restrictive 
and repetitive behaviors (stereotyped behavior) [3]. 

This rise in the number of ASD cases is the result of both improved diagnostic 
tools over the past years and the increased awareness of the challenges faced by 
affected individuals in society [4]. Generally, diagnostic of autism is established by 
correlating informations obtained through a detailed clinical examination of the child 
with the data provided by the caregiver focused on the child behavior and 
development, but also with the results from specific psychometric scales for autism. 

The onset of the disease is before the age of 3, although an early diagnosis is 
rather challenging [5]. Early symptoms of autism include non-verbal language 
impairment, restricted facial expressions of emotions, inability to interpret emotions 
described by others' facial expressions, limited social orientation, attention problems 
and hypersensitivity to sensory stimuli [6]. Despite these general signs defining the 
autistic syndrome, clinical presentations and the severity of these key symptoms vary 
widely among affected individuals [7]. 

Other neuropsychological deficiencies have also been observed in autism with a 
greater frequency compared to neurotypical children including epilepsy, intellectual 
disability, enlarged cranial circumference, minimal visual contact, resistance to 
change, sleep problems, depression, anxiety or epilepsy [8, 9, 10, 11]. Several 
theories attribute these so-called emotional alterations to abnormalities in neural 
networks mediating social-cognitive processes, such as processing or empathy [12, 
13]. However, the mechanism underlying these emotional process alterations remains 
largely unknown [7]. Developmental and intellectual functioning levels also largely 
vary within individuals with autism. In this way, there are cases ranging from high 
IQs to severe intellectual disabilities [14, 15]. 

Regarding treatment of autism there are important limitations and currently the 
aim of it is to control some of the symptoms. The most effective intervention has 
proven to be intensive behavioral therapy, such as the Early Start Denver Mode that 
focus on improvment of social behaviour and language skills. However, there are also 
pharmacological therapies, clinically used to control some behavioural manifestations 
with the only ones approved by the American Medical Association being risperidone 
and aripiprazole [16]. 

Data regarding autism is obtain also through genetic studies and research based 
on animal models. In order to induce the autism syndrome and obtain a conventional 
animal model for this disease, the model classically used in research is based on 
Schneider and Przewlocki method (2005), as it is more detailed described below. 
While it is not possible to replicate all autistic symptoms in animals (language 
deficiencies, intuitive abilities, etc.), most animal models of autism that have been 
developed so far present the ability to model a range of specific symptoms of autism 
that may be demonstrated through specific laboratory testing, assessing sociability, 
routine change, anxious behavior, vocalization, etc. [17]. 
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Nonetheless, it is important to uderstand that autism is a complex syndrome with 
multiple and variable symptoms. Some of these symptoms, such as language deficits 
and an inability to intuit the emotions and intentions of others, are difficult or even 
impossible to induce in mouse models of autism [18]. However, the key 
characteristics of this syndrome are considered to have conceptual analogs in the 
behavioral repertoire of this rodent species, making animal models an acceptable tool 
in studying autism [6]. Therefore, animal models used in behavioral and genetic tests 
relevant to specific autism symptoms are important translational tools in research, 
aiming to identify the biological mechanisms underlying key features of ASD [6]. 

THEORIES ON THE ETIOPATHOGENESIS OF AUTISM 


ASD are characterized by a complex etiology and pathophisiological process 
with an early clinical manifestation. Regarding etiology of the ASD, numerous 
studies have shown a pronounced genetic component of this condition [19, 20, 21] 
but a clear cause has not been established to date [22] challenge lies in understanding 
the consequences of these environmental perturbing factors and genetic factors, as 
well as the interactions between these two groups [23]. Considering that there are 
different forms of autism with a large spectrum of clinical presentation the broad 
heterogeneity of autism is likely caused by multiple factors [7]. 

For instance, the discovery of a high heritability rate in monozygotic twins and a 
male-to-female ratio of approximately 4:1 in the prevalence of this syndrome led to a 
significant interest in research concerning identification of genes involved in autism 
[6]. It is known that there isn't just a single gene involved in ASD and also 
environmental factors have most likely a causative role in this syndrome. Various 
genetic studies on autistic patients had led to hundreds of genes being involved with 
this condition. Largely, the proteins associated with these genese have two main 
functions including synapse formation and transcriptional regulation and chromatin- 
remodeling [24]. In fact, the initial pathological changes in this syndrome seem to 
involve abnormal expression of various growth factors during embryogenesis which 
persist into adulthood [4]. In this way, the most studied proteins in relation to autism 
are brain-derived neurotrophic factor and Interleukin 1 beta that are known to be also 
related to apoptotic processes [23, 25]. Moreover, studies in recent years confirm the 
involvement of apoptotic processes in the pathology of this syndrome [26, 27]. The 
activation of pathological apoptotic processes negatively influences the normal 
maturation of the brain and mediates the phenotypical presentation of autism. Recent 
studies have provided new and promising results in the research for discovering the 
causes underlying the appearance of the autistic syndrome. Results from various 
animal studies confirm the involvement of apoptotic and neurodegenerative processes 
in autistic pathology [27, 28, 26] studies of pro and anti-apoptotic proteins could 
provide new information for the development of prevention and treatment methods 
for autism and other neurodevelopmental syndromes [29]. 
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Regarding the brain regions considered responsible for autism, studies suggest 
potential foci located in the cortex - frontal lobe (prefrontal area), temporal lobe 
(superior temporal gyrus), brainstem (dorsal raphe nucleus, superior and inferior 
olivary nuclei, facial nerve nucleus), or the limbic system (cingulate gyrus, septal 
area, amygdala, hippocampus) [9]. Among these, the amygdala and areas associated 
with the limbic system (septal area, anterior cingulate cortex, nucleus accumbens) 
seem to be the main cause of communication and relational deficits [30]. Although 
the mechanisms of autism remain incompletely elucidated, some mentioned causes 
include variations in the levels of certain neurotransmitters in blood and cerebrospinal 
fluid, as well as genetic synaptic dysfunctions [31]. 

Studies generally indicate anomalies in the serotonergic system as the main 
mechanism in the pathogenesis of the autism spectrum [12]. These cause difficulties 
in adapting to new environment, socialization problems, and cognitive function 
impairment, as well as disturbances in the sleep-wake cycle, a symptom of early- 
stage autism. Thus, individuals with autism exhibit high blood serotonin 
concentrations, leading to low intracerebral concentration due to a negative feedback 
loop of serotonergic neurons [32]. Moreover, disruptions in serotonin synthesis in 
certain brain areas have been identified, along with a significant difference compared 
to the healthy brain. Most regions considered responsible for autism are densely 
innervated by projections of serotonergic neurons, and abnormalities in serotonin 
neurotransmission are implicated in autistic pathogenesis [33]. There are also studies 
suggesting abnormalities in the medial prefrontal cortex related to the functioning of 
the dopaminergic system [9] with high levels of catecholamines identified in the 
blood, urine, and cerebrospinal fluid in some autistic patients [31]. Because dopamine 
is involved in the prefrontal area in functions such as selective attention (anterior 
cingulate gyrus) and sustained attention (dorsal prefrontal area), abnormalities in the 
dopaminergic system are considered causes of hyperactive attention deficits observed 
in some autistic patients [34]. 

There are hypotheses even regarding exposure to toxic and immunological 
agents that resulted from studies using organism modeling of autism of species such 
as mice, rats and monkeys [30]. Although the etiological mechanisms still remain 
incompletely elucidated, clinical cases of idiopathic autism suggest the involvement 
of teratogenic environmental agents in ASD development [35]. 


ANIMAL MODELS OF AUTISM — VALPROIC ACID - INDUCED 
ANIMAL MODEL OF AUTISM 


The recent increase in cases of idiopathic autism suggests that teratogenic 
environmental agents could represent an important factor in the development of 
autism spectrum disorders [36, 35]. Therefore, inducing autism in animal models by 
exposure to different environmental agents is an important avenue towards 
discovering the neurobiological basis of autism [7]. It has been found that all 
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teratogenic agents that can lead to this condition act mostly in the first eight weeks 
after conception, providing evidence that autism occurs very early in individual 
development [37]. This is a crucial aspect in generating potential animal models of 
autism. One such example is the animal model of autism induced by valproic acid 
(VPA) exposure [37, 38]. 

This model is based on the discovery of adverse effects of administering the 
anticonvulsant drug VPA to pregnant women; VPA administration during the first 
trimester of pregnancy increases the chances of offspring presenting autism spectrum 
disorders and intellectual disabilities [36, 35]. In order to create this animal model, 
pregnant females are given a single dose of VPA at approximately the 12.5th day of 
embryonic development during gestation; the embryonic period is chosen for VPA 
administration as it marks a significant event in brain development: the closure of the 
neural tube. This model was adapted in studies and conventionally a 600 mg/kg VPA 
dose is being used and injected in pregnant female rats, considering that to be the 
optimal dose for inducing the autistic model [39]. 

The born pups exhibit anatomical defects and manifest behavioral abnormalities 
similar to those present in humans affected by autism [40, 41, 17]. Exposure to VPA 
is a risk factor for the development of this disorder [42]. In humans, VPA causes 
somatic dysfunctions as well as central nervous system dysfunctions, described as 
"fetal valproate syndrome," which has recently been linked to autism [43, 36, 44]. 

Exposure to VPA during this exact stage is critical for inducing the animal model 
of autism, since VPA is a well known teratogenic agent. VPA is derivated of valeric 
acid and has effects on GABA, glutamate and dopamine, transmission. It has mainly 
anticonvulsant properties but is clinically used in a variety of neuro-psychiatric 
conditions including in the treatment of epilepsy, bipolar disorders, schizophrenia, 
personality disorders, alcoholism etc. [45]. 

The key symptoms of autism spectrum disorders have been intensively studied 
using these animal models in which autism was induced using VPA [46]. The 
mechanism by which VPA induces teratogenic effects is not completely understood 
at present [7]. Various biochemical studies indicate that VPA can suppress neuronal 
activity by blocking sodium and calcium channels and stimulate the inhibitory 
neurotransmitter GABA's function in the brain [47]. Moreover, studies have 
demonstrated VPA's ability to alter gene expression in vitro and in vivo [48, 49] and 
these effects have been attributed to the inhibitory process determined by VPA on the 
histone deacetylase (HDAC) enzyme [50]. HDAC plays an important role in 
controlling the transcription process during fetal development [18]. Consequently, 
HDAC inhibition can induce abnormal gene expressions during embryogenesis, 
causing delayed behavioral defects that manifest in later stages of development [51]. 
A recent study on rodents found that in utero HDAC inhibition is sufficient to 
determine phenotypes similar to autism spectrum disorders, including social deficits 
in offspring exposed to VPA during uterine development [52]. 
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Similarities between human patients and rodent species (mice and rats) treated 
with VPA, regarding autism-specific behavior and pathology, suggest the utility of a 
VPA-treated animal model of autism in defining common pathways of disruption in 
normal behavioral patterns and evaluating vulnerable periods and triggering sources 
of this currently considered incurable syndrome [18]. The existence of such an animal 
model of autism could also allow for a rigorous evaluation of the effects produced by 
environmental factors on the behavioral expression of neuropathological deficits in 
VPA-treated animals. The animal model of autism exhibits prominent similarities in 
terms of anatomy, pathology, and etiology with data collected from human patients 
RAR 

On the other hand, there is important data coming from genetic studies on animal 
models of autism. Since, autism spectrum disorders present a high degree of 
heritability [19, 53], but for most autism cases, the status of genes playing a crucial 
role in the development of this syndrome and how they interact with environmental 
factors to induce it remains unclear [7]. Most existing animal models for autism have 
been created using the knockout technique by inhibiting the expression of a single 
gene [54]. One approach is through gene mutations of genes responsible for 
neurotransmission or developmental genes regulating social behaviors. For instance, 
mutations induced in the oxytocin gene have resulted in animal models with deficits 
in social interaction and recognition [55, 56], and mouse models with mutations in the 
vasopressin gene cannot habituate to a stranger [57]. 

The discovery of the importance of genetic factors in autism has led to the 
development of mouse models of autism, aiming to deepen our understanding of the 
biological mechanisms underlying autistic behaviors. Rodent models of human 
neuropsychiatric diseases aim to optimize: 1) resemblance to symptoms manifested 
by humans; 2) similarity regarding the causes underlying this syndrome; and 3) 
predicted responses to treatments proven effective in human disease [6]. 

Rodent animal models of human neuropsychiatric diseases have a long history. It 
is crucial to understand that an animal model of a rodent cannot exactly replicate a 
human disease or syndrome, but key symptoms can be "approximated" to test 
theories regarding the biochemical mechanisms and genetic causes of the human 
condition [18]. Since rodents exhibit certain similarities with humans in terms of 
biochemistry, physiology, anatomy, and genetics, species like mice (Mus musculus) 
have been involved in biomedical research as translational tools [52]. However, 
differences between species exist in drug metabolism, alternative metabolic 
pathways, genetic variants, and toxicology. Therefore, 100% predictive validity 
cannot be expected regarding the effectiveness and practicality of these animal 
models concerning human medicine [58]. Taking these discrepancies into account, 
research groups have applied evaluation methods to proposed therapies for autism 
spectrum disorders, assessing their ability to prevent the development of a 
pathological phenotype in animal models [3]. 
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CONCLUSIONS 


Considering the significant increase in the number of autism cases discovered in 
the last decade, the development of treatments strategies and therapies to combat this 
syndrome has become crucial. Although there are data showing the involvment of 
both environmental and genetic factors in autism, probably in a interactional model 
type, there isn't a complete understanding on all the factors involved, or the relation 
between them. Autism, along with other neurodevelopmental disorders, constitutes 
psychiatric conditions considered public health issues with a strong socioeconomic 
impact. The use of animal model in autism research opens the way to new 
hypotheses and research ideas for the future, for the purpose of brodening the 
knowleddge regarding ASD with focus on therapeutically relevant results for human 
pathology. 


REFERENCES 


[1] Bauman, M.L., Kemper, T.L., 2005. Neuroanatomic observations of the brain in autism: a 
review and future directions. Int. J. Dev. Neurosci. 23, 183-187. 

[2] Bryson SE, Smith IM (1998). Epidemiology of autism: prevalence, associated characteristics, 
and implications for research and service delivery. Ment Retard Dev Dis Res Rev 4: 97-103. 

[3] Crawley, J. N. (2012). Translational animal models of autism and neurodevelopmental 
disorders. Dialogues in Clinical Neuroscience, 14(3), 293-305. 

[4] Kasarpalkar, N. J., Kothari, S. T., & Dave, U. P. (2014). Brain-Derived Neurotrophic Factor in 
children with Autism Spectrum Disorder. Annals of Neurosciences, 21(4), 129-133. 

[5] American Psychiatric Association Diagnostic criteria for 299.00 Autistic Disorder. Diagnostic 
and statistical manual of mental disorders: DSM-IV (4 ed.). Washington, DC: American 
Psychiatric Association. 2000; ISBN 0-89042-025-4 

[6] Crawley, J. N. (2004). Designing Mouse Behavioral Tasks Relevant to Autistic-Like Behaviors. 
Mental retardation and developmental disabilities research reviews. 10. 248-58. 

[7] Banerjee, A., Engineer, C. T., Sauls, B. L., Morales, A. A., Kilgard, M. P., & Ploski, J. E. 
(2014). Abnormal emotional learning in a rat model of autism exposed to valproic acid in utero. 
Frontiers in Behavioral Neuroscience, 8, 387. 

[8] | Dawson G, Webb S, Schellenberg GD, et al. 2002. Defining the broader phenotype of autism: 
Genetic, brain, and behavioral perspectives. Dev Psychopathol 14:581— 611. 

[9] Volkmar FR, Pauls D. Autism. Lancet 2003; 362: 1133-1141. 

[10] | Glasson EJ, Bower C, Petterson B, et al. 2004. Perinatal factors and the development of autism. 
Arch Gen Psychiatry 61:618— 627. 

[11] Hirota T, King BH. Autism Spectrum Disorder: A Review. JAMA. 2023 Jan 10;329(2):157- 
168. 

[12] Schultz, R.T. (2005) Developmental deficits in social perception in autism : the role of the 
amygdala and fusiform face area. Int.J.Dev.Neurosci. 23, 125-141. 

[13] Bachevalier, J., Loveland, K.A. (2006) The orbito-frontal-amygdala circuit and self-regulation 
of social-emotional behavior in autism. Neurosci. Biobehav. Rev. 30, 97-117. 

[14] | Charman,T., Pickles, A., Simonoff, E., Chandler, S., Loucas, T., Baird, G. (2011) IQ in children 
with autism spectrum disorders : data from the Special Needs and Autism Project (SNAP). 
Psychol.Med. 41, 619-627. 


172 Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 1, (2024) 


A MINI-REVIEW ON THE LATEST DEVELOPMENTS OF THE AUTISTIC PATHOLOGY 


AND A DESCRIPTION OF SOME RELEVANT ANIMAL MODELS 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 
[28] 


[29] 


[30] 


[31] 


[32] 


Green, S.A., Rudie, J.D., Colich, N.L., Wood, J.J., Shirinyan, D., Hernandez, L. (2013) 
Overreactive brain responses to sensory stimuli in youth with autism spectrum disorders. J. 
Am.Acad.ChildAdolesc.Psychiatry 52, 1158-1172. 

Galvez-Contreras AY, Campos- Ordonez T, Gonzalez-Castaneda RE and Gonzalez-Perez O 
(2017) Alterations of Growth Factors in Autism and Attention-Deficit/ Hyperactivity Disorder. 
Front. Psychiatry 8:126. doi: 10.3389/fpsyt.2017.00126. 

Schneider, T., Przewtocki, R. (2005). Behavioral Alterations in Rats Prenatally Exposed to 
Valproic Acid: Animal Model of Autism. Neuropsychopharmacology, 30, 80-89. 

Shaked, M., Weissmuller, K.,Svoboda, H.,Hortschansky, P.,Nishino, N., Wolfl, S. (2008) 
Histone deacetylases control neurogenesis in embryonic brain by inhibition of BMP2/4 
signaling. PLoSONE 3:¢2668. 

Bailey A, La Couter A, Gottesman I, Bolton P, Simonoff E, Yuzda E et al (1995). Autism as a 
strongly genetic disorder: evidence from a British twin study. Psychol Med 25: 63-78. 

Folstem SE, Rosen-Sheidley B (2001). Genetics of autism: complex aetiology for a 
heterogeneous disorder. Nat Rev Genet 2:943-955. 

Jamain S, Betancur C, Giros B, et al. 2003. Genetics of autism: From genome scans to candidate 
genes. Med Sci (Paris) 11:1081—1090. 

Coutinho A.M., Inés S., Madalena M., Catarina C., Teresa M., Celeste B., Carla M., Assuncao 
A., S. Miguel Teresa & Moore Jason & Oliveira Guiomar & M Vicente Astrid. (2007). 
Evidence for epistasis between SLC6A4 and ITGB3 in autism etiology and in the determination 
of platelet serotonin levels. Human genetics. 121. 243-56. 

Sheikh, A.M., Li, X., Wen, G., Taugeer, Z., Brown, W.T., Malik, M. (2010a) Cathepsin D and 
apoptosis related proteins are elevated in the brain of autistic subjects. Neuroscience 165, 363-— 
370. 

De Rubeis, S., He, X., Goldberg, A. P., Poultney, C. S., Samocha, K., Cicek, A. E., et al. (2014). 
Synaptic, transcriptional and chromatin genes disrupted in autism. Nature 515, 209-215. 

Pilato, F.; Profice, P.; Ranieri, F.; Capone, F.; Di Iorio, R.; Florio, L.; Di Lazzaro, V. Synaptic 
plasticity in neurodegenerative diseases evaluated and modulated by in vivo neurophysiological 
techniques. Mol. Neurobiol. 2012, 46, 563-571. 

Wei, Hongen & Alberts, Ian & Li, Xiaohong. (2014). The apoptotic perspective of autism. 
International journal of developmental neuroscience : the official journal of the International 
Society for Developmental Neuroscience. 36. 10.1016/j.ijdevneu.2014.04.004. 

Dong, D., Zielke, H. R., Yeh, D. and Yang, P. (2018), Cellular stress and apoptosis contribute to 
the pathogenesis of autism spectrum disorder. Autism Research. . 

Kern, J.K., Geier, D.A., Sykes, L.K., & Geier, M.R. (2013). Evidence of neurodegeneration in 
autism spectrum disorder. Translational Neurodegeneration. 

Uddin, L.Q., Menon, V., Young, C.B., Ryali, S., Chen, T., Khouzam, A., Minshew, N.J., 
Hardan, A.Y., 2011. Multivariate searchlight classification of structural magnetic resonance 
imaging in children and adolescents with autism. Biol. Psychiatry 70, 833-841. 

Anderson, M. Serotonin in autism, In: The neurobiology of autism, Second Edition, Bauman L, 
and Kemper L, pp. 303-318, The Johns Hopkins University Press, ISBNO-8018-8046-7, 
Baltimore, USA. 2005. 

Evans, D.W., Canavera, K., Kleinpeter,F.L., Maccubbin, E., Taga, K. (2005) The fears, phobias 
and anxieties of children with autism spectrum disorders and Down syndrome : comparisons 
with developmentally and chronologically age matched children. Child Psychiatry Hum. Dev. 
36, 3-26. 

Whitaker-Azmitia, PM. (2005) Behavioral and cellular consequences of increasing serotonergic 
activity during brain development: a role in autism? International Journal of Developmental 
Neuroscience, Vol. 23, No.1. pp. 73-83, ISSN 0736-5748 


Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 1, (2024) 173 


Catalina IONESCU, Ioana FARCAS, Alin CIOBICA, Manuela PADURARIU, 
Sorin CIMPEANU, Mirela CIMPEANU, Lucian GORGAN 


[33] 


[34] 


[35] 


[36] 
[37] 


[38] 


[39] 
[40] 
[41] 
[42] 


[43] 


[44] 


[45] 


[46] 


[47] 


[48] 


[49] 


[50] 


[51] 


174 


Takeuchi Y. (2011) Serotonergic Neurotransmission in Autism Spectrum Disorders, Autism — A 
Neurodevelopmental Journey from Genes to Behaviour, Dr. Valsamma Eapen (Ed.), ISBN: 
978-953-307-493-1. 

Zhao,M.G.,Toyoda,H.,Ko,S.W.,Ding,H.K.,Wu,L.J., Zhuo,M. (2005) Deficits in trace, fear, 
memory and long-term potentiation in a mouse model for fragile X syndrome. J. Neurosci. 25, 
7385-7392. 

Rasalam, A.D., Hailey, H., Williams, J-H., Moore, S.J., Turmpenny, P. D.,Lloyd, DJ. 
(2005).Characteristics of fetal anticonvulsant syndrome associated autistic disorder. Dev. Med. 
Child. Neurol. 47, 551-555. 

Moore SJ, Turnpenny P, Quinn A, Glover S, Lloyd DJ, Montgomery T et al (2000). A clinical 
study of 57 children with fetal anticonvulsant syndromes. J Med Genet 37: 489-497. 

Arndt TL, Stodgell CJ, Rodier PM. The teratology of autism. Autoantibodies to neural antigens 
in serum of children with autistic spectrum disorders; Int J Dev Neurosci. 2005;23(2—3):189-99. 
Kim, K.C., Kim, P., Go,H.S., Choi, C.S., Yang, S.I., Cheong, J.H. (2011). The critical period of 
valproate exposure to induce autistic symptoms in Sprague- Dawley rats. Toxicol. Lett., 137- 
142. 

Favre MR, Barkat TR, Lamendola D, Khazen G, Markram H, Markram K. General 
developmental health in the VPA-rat model of autism. Front Behav Neurosci. 2013 Jul 24;7:88 
Rodier PM, Ingram JL, Tisdale B, et al. Embryological origin of autism: Developmental 
anomalies of the cranial motor nuclei. J Comp Neurol 1996;24: 247-261. 

Ingram JL, Peckham SM, Tisdale B, et al. 2000. Prenatal exposure of rats to valproic acid 
reproduces the cerebellar anomalies associated with autism. Neurotoxicol Teratol 22:319 —324. 
Rapin I, Katzman R. Neurobiology of autism. Ann Neurol. 1998 Jan;43(1):7-14. doi: 
10.1002/ana.410430106. PMID: 9450763. 

Williams G, King J, Cunningham M, Steohan M, Kerr B, Hersh JH (2001). Fetal valproate 
syndrome and autism: additional evidence of an association. Dev Med Child Neurol 43: 202— 
206. 

Bescoby Chambers N, Forster P, Bates G (2001). Fetal valproate syndrome and autism: 
additional evidence of an association. Dev Med Child Neurol 43: 847. 

Peter M Haddad , Amlan Das , Muhammad Ashfaq & Angelika Wieck (2009) A review of 
valproate in psychiatric practice, Expert Opinion on Drug Metabolism & Toxicology, 5:5, 539- 
551. 

Montgomery, R.L., Hsieh, J., Barbosa,A.C., Richardson,J.A., Olson, E.N. (2009) Histone 
deacetylases 1 and 2 control the progression of neural precursors to neurons during brain 
development. Proc. Natl. Acad. Sci. U.S.A. 106, 7876-7881. doi:10.1073/pnas.0902750106 
Gould, T.D., Quiroz, J.A., Singh, J., Zarate, C.A., Manji, H.K. 2004) Emerging experimental 
therapeutics for bipolar disorder : insights from the molecular and cellular actions of current 
mood stabilizers. Mol. Psychiatry 9, 734-755. 

Cohen, O.S., Varlinskaya, E.l., Wilson, C.A., Glatt, S.J., Mooney, S.M. (2013) Acute prenatal 
exposure to a moderate dose of valproic acid increases social behavior and alters gene 
expression in rats. Int.J.Dev.Neurosci. 31, 740-750. 

Oguchi-Katayama, A., Monma, A., Sekino, Y., Moriguchi, T., Sato,K. (2013) Comparative 
gene expression analysis of the amygdala in autistic rat models produced by pre- and post-natal 
exposures to valproic acid. J. Toxicol. Sci. 38, 391-402. 

Eyal,S., Yagen,B.,Sobol,E.,Altschuler, Y.,Shmuel,M.,Bialer.M. (2004) The activity of 
antiepileptic drugs as histone deacetylase inhibitors. Epilepsia 45, 737-744. 

Phiel, C.J.,Zhang,F.,Huang,E.Y.,Guenther,M.G.,Lazar,M.A., Klein,P.S. (2001) Histone 
deacetylase is a direct target of valproic acid, a potent anticonvulsant, mood stabilizer and 
teratogen. J. Biol.Chem. 276, 36734-36741. 


Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 1, (2024) 


A MINI-REVIEW ON THE LATEST DEVELOPMENTS OF THE AUTISTIC PATHOLOGY 


AND A DESCRIPTION OF SOME RELEVANT ANIMAL MODELS 


[52] 


[53] 


[54] 
[55] 
[56] 


[57] 


[58] 


Moldrich,R.X.,Leanage,G.,She,D.,Dolan-Evans,E.,Nelson,M.,Reza,N. (2013) Inhibition of 
histone deacetylase in utero causes sociability deficits in postnatal mice. Behav. Brain Res. 257, 
253-264. 

Hallmayer, J., Cleveland, S., Torres, A., Phillips, J., Cohen, B., Torigoe, T. (2011). Genetic 
heritability and shared environmental factors among twin pairs with autism. 
Arch.Gen.Psychiatry 68, 1095-1102. 

Umeda, T., Takashima, N., Nakagawa, R., Maekawa, M., Ikegami, S., Yoshikawa, T. (2010) 
Evaluation of Pax6 mutant rat as a model for autism. PLoSONE 5:e15500. 

Winslow JT, Insel TR. The social deficits of the oxytocin knockout mouse. Neuropeptides 2002; 
36: 221-229. 

Young LJ, Pitkow LJ, Ferguson JN. Neuropeptide and social behavior: Animal models relevant 
to autism. Mol Psychiatry 2002; 7: S38—-S39. 

Bielsky IF, Hu SB, Szegda KL, et al. 2004. Profound impairment in social recognition and 
reduction in anxiety-like behavior in vasopressin Vla receptor knockout mice. 
Neuropsychopharmacology 29:483-— 493 

Banerjee A, Engineer CT, Sauls BL, Morales AA, Kilgard MP, Ploski JE. Abnormal emotional 
learning in a rat model of autism exposed to valproic acid in utero. Front Behav Neurosci. 2014 
Nov 12;8:387. doi: 10.3389/fnbeh.2014.00387. PMID: 25429264; PMCID: PMC4228846. 


Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 1, (2024) 175 


